
What	  is	  “NEW”	  in	  polarized	  p+A	  @RHIC	  ?	  
Ming	  Liu	  	  

•  “Large”	  transverse	  spin	  asymmetry	  
–  Physics	  origins	  under	  study	  	  

•  “Significant	  hints”	  of	  small-‐x	  gluon	  
saturaJon	  in	  heavy	  A	  

–  Needs	  further	  experimental	  clarificaJon	  	  

•  Key	  observables	  
–  A-‐scan	  
–  Centrality	  dependence	  in	  p+A	  
–  A_N	  vs	  centrality,	  A	  …	  
–  Some	  other	  observables?	  	  	  
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•impact parameter is still poorly determined in d+Au collisions

•p+Au collisions can provide a more controlled impact parameter  
determination

•however, Poisson fluctuations in particle multiplicities will still limit the 
precision in determining the impact parameter

d+Au	  
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Observation at high energy

! The spin asymmetry becomes the largest at forward rapidity region, 
corresponding to
! The partons in the projectile (the polarized proton) have very large momentum 

fraction x: dominated by the valence quarks (spin effects are valence effects)
! The partons in the target (the unpolarized proton or nucleus) have very small 

momentum fraction x: dominated by the small-x gluons

! Thus spin asymmetry in the forward region could probe both
! The transverse spin effect from the valence quarks in the projectile: Sivers 

effect, Collins effect, and etc
! The small-x gluon saturation physics in the target
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In contrast, at RHIC (200GeV), there are good agreements 
between forward hadron cross-sections and pQCD 

predictions, with appropriate fragmentation functions. 

Consequently, many believe that the RHIC forward 
transverse spin results CAN be understood by pQCD. 

STAR π0

BRAHMS π-, K+, and p

STAR π0 and !, high xF
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Phys. Rev. D 86, 051101(R) (2012)Phys. Rev. Lett. 98, 252001 (2007)

STAR

√s = 200 GeV

Is Forward Physics pQCD?
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STAR

The main issue is if very forward 
physics is in the domain of pQCD.

Small angle scattering means small 
transverse momentum transfer. 

Even at RHIC energy, the average pT 
in the forward region is relatively 

small (2~3GeV). 

Furthermore, the proximity to the 
beam line introduces the beam 
remnant (underlying events) 

interaction into the possible sources of 
observed high energy particles. 

Forward X-section 
at √s=23.3 GeV

Bourrely and Soffer, 
EPJ. C, V36, I3, (2004)

Not surprisingly, the unpolarized forward cross-sections at fixed target energy 
was found to be significantly larger than the pQCD prediction. 

Large AN in H-H Interaction

Large AN in the forward region of “high energy” hadron-hadron 
interaction has a long experimental history, dating back to 1976.

Until the RHIC era, these measurements were performed 
in fixed target environments with polarized targets. 

However, it was generally believed that these fixed target results could 
not be interpreted within the framework of pQCD.
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STAR

1.  Known	  
“knowns”	  

	  
2.  Known	  

“unknowns”	  
	  
3.  Unknown	  

“unknowns”	  	  	  

pQCD	  	  
not	  enough	  

pQCD	  OK?	  	  
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“Sivers effect” 
TMD: Correlation between nucleon spin and parton kT. 

 
 
Twist-3: Quark-gluon correlations in polarized hadron 
 
 
 
 
“Collins effect”  
TMD: Transversity distributions + Spin dependent 
fragmentation functions 
 
 
 
Twist-3: Transversity combined with twist-3  
quark-gluon fragmentation function 
 

Sources	  of	  Transverse	  SSA’s	  
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A	  New	  Challenge:	  AN	  Sign	  Mismatch	  
Collins	  or	  Sivers?	  

•  Twist-‐3	  (RHIC)	  v.s.	  Sivers	  (SIDIS)	  •  should be very relevant for single-spin asymmetries 
   in pp ! πX 

STAR 

E704 

Used to extract TF: Qiu,Sterman 
Kouvaris et al. 
Kanazawa,Koike 
Kang,Prokudin 

•  should be very relevant for single-spin asymmetries 
   in pp ! πX 

STAR 

E704 

Used to extract TF: Qiu,Sterman 
Kouvaris et al. 
Kanazawa,Koike 
Kang,Prokudin 

A	  possible	  soluJon?	  Kang,	  Prokudin	  PRD	  (2012)	  

May 11, 2011 Zhongbo Kang, RBRC/BNL

Distinguish scenario I and II

! Scenario I and II are completely different from each other

! To distinguish one from the other, in hadronic machine (like RHIC), 
one needs to find observables which are sensitive to twist-3 
correlation function (not fragmentation function), such as single 
inclusive jet production, direct photon production
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Feb 10, 2012 Zhongbo Kang, RBRC/BNL

What could go wrong - Scenario I

! To obtain ETQS function, one needs the full kt-dependence of the 
quark Sivers function

! However, the Sivers functions are extracted mainly from HERMES data 
at rather low Q2~2.4 GeV2, and TMD formalism is only valid for the 
kinematic region kt << Q.
! HERMES data only constrain the behavior (or the sign) of the Sivers function at 

very low kt ~ !QCD.
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SIDIS	  Data	  

unknown	  

Collins	  dominates?	  
U.	  D'Alesio@QCDN12	  
	  
	  
Need	  more	  data!	  



Could	  “A”	  affect	  Collins	  FragmentaJon	  FuncJon?	  	  	  
•  Unpolarized	  quark	  
fragmentaJon	  “is	  
modified”	  in	  SIDIS	  
–  hadronizaJon	  

	  	  	  

•  How	  about	  Collins	  
polarized	  fragmentaJon	  
funcJons	  in	  p+A?	  
–  HadronizaJon	  in	  CGC?	  

Key	  observables:	  	  
-‐  Collins	  A_N	  asymmetry	  inside	  a	  Jet	  in	  p+A	  
-‐  Centrality	  dependence,	  (pT,	  z,	  PID…)	  
-‐  NO	  polarized	  e+”A”,	  unique	  @RHIC	  

Kwatar	  Hafidi	  pA@RHIC	  
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Collins	  Asymmetry	  inside	  Jets	  

•  Significant	  non-‐zero	  spin	  
asymmetry	  observed	  @RHIC	  Mid-rapidity Collins

14

Evidence of a sign difference between π+ and π– 
apparent – further reduction of systematic 

uncertainty will clarify this.

24 pb-1 of 200 GeV data were recorded during 2012, 
with ~60% polarization. Analysis is on-going.

A similar analysis is also underway based on 
500 GeV data (2011).
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STAR

Unlike the Sivers function, Collins function is thought to be universal ( Phys. 
Rev. D77, 074019 (2008) ), and the SIDIS and e+e- results may be applied to p+p. 

Therefore, it is possible to measure proton transversity and Collins 
fragmentation function in p+p through the Collins effect. 

STAR has a full jet capability for -1.0 < ! < 1.4. 

We use mid-rapidity jets 
(TPC+calorimeters), and 

measure the Collins effect 
for the leading charged 

pions (TPC).  

For z > 0.3, leading pions make up 
95% of the inclusive pion sample
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Sivers	  Asymmetry	  and	  CGC	  
•  Drell-‐Yan	  and	  Direct	  photon	  in	  p+A	  in	  “small-‐x”	  
•  High	  luminosity	  possible	  	  

–  L	  =	  15~	  35	  pb-‐1/wk	  x	  20	  wks	  =	  300~750	  pb-‐1	  	  (Wolfram	  Fischer pA@RHIC)	  

Jan 8, 2013 Zhongbo Kang, LANL

Spin asymmetry at RHIC 510 GeV - II

! Rapidity dependence

! The maximum happens at y~3, which corresponds to xp ~ 0.2 in the polarized 
proton (the Sivers function is largest at around this point)
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Drell-‐Yan	  backgrounds	  and	  control	  with	  FVTX/VTX	  

Drell-‐Yan	  

√s	  =	  200	  GeV	  simulaJon,	  p+p	  pythia	  

• 	  Between	  4	  GeV/c2	  and	  8	  GeV/c2	  is	  thought	  to	  be	  dominated	  by	  	  
	  	  Drell-‐Yan	  process	  and	  correlated	  BB.	  
• 	  We	  would	  separate	  Drell-‐Yan	  process	  and	  correlated	  BB	  which	  have	  different	  decay	  length,	  
	  	  	  using	  silicon	  vertex	  detector,	  (F)VTX	  between	  4	  and	  8	  GeV/c2.	  
• 	  Would	  get	  order	  of	  a	  thousand	  events	  for	  each	  arm	  with	  FVTX	  with	  50	  pb-‐1.	  

FVTX FVTX

VTX

VTX

BEAM	  LINE	  

FVTX/VTX	  has	  been	  successfully	  installed	  
and	  working	  since	  2012/2011.	  

_	  
_	  
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Could	  TMD	  “Restored”	  p+A	  Collisions?	  
•  TheoreJcal	  challenges	  

–  validity	  of	  factorizaJon,	  universality	  …	  
–  TMD,	  Twist-‐3…	  	  	  
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Breakdown	  of	  TMD	  in	  p+p	  	  
	  
Possible	  restoraJon	  in	  p+A?	  

Baccheva,	  Mulders@QCD-‐N12	  
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Polarized	  p+A	  @RHIC!	  
•  High	  polarizaJon	  

– ~60%	  
•  High	  luminosity	  

– 15	  ~	  35	  pb-‐1/wk	  
•  ExciJng	  Unique	  
physics	  	  
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